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In view of the proliferation in the number of new charmonium states, it is really important to have an
experimental way to prove that an observed bump is, indeed, a real resonance. To do that, in this paper
we present an alternative method to demonstrate the resonant behavior of a state. With this method,
the phase variation of a generic complex amplitude can be directly revealed through interference in the
Dalitz-plot region where it crosses a well established resonant state, used as a probe. We have tested
the method for the Z~(4430) state by generating Monte Carlo samples for the BO — vy (2S)mr ~K* decay

channel. We have shown that the proposed method gives a clear oscillation behavior, related to the phase
variation associated with a real resonant state, in the case where the Z~(4430) is considered as a regular
resonance with a strong phase variation.

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

Several experiments operating during the last decade, mainly
BaBar at SLAC and Belle at KEK, CLEO-III and CLEO-c at CESR, CDF
and D@ at Fermilab, BESIII at IHEP and LHCb and CMS at CERN,
have vastly increased the available data on new charmonium-like
states, called X, Y and Z states. Among these states, the charged
ones are the most interesting, since they cannot be simple cc
states. The Z*(4430), found by Belle Collaboration in 2007, was
the first one observed [1-3]. Since the minimal quark content of
this state is ccud this can only be achieved in a multiquark config-
uration. The BaBar Collaboration searched for the Z~(4430) signa-
ture in four decay modes and concluded that there is no significant
evidence for a signal peak in any of these processes [4]. However,
very recently the Belle and LHCb Collaborations have confirmed
the Z7(4430) observation and have determined the preferred as-
signment of the quantum numbers to be J” =17 [3,5]. Curiously,
the first evidence of this resonance in the J/y 7+ channel was re-
ported only this year by Belle Collaboration [6].

The Z1(4430) observation motivated further studies of other
B® decays and, in 2008, Belle Collaboration reported the observa-
tion of other two resonance-like structures, called Z; (4050) and
Z;(4250), in the exclusive process B® — K=" x¢1, in the 7 ¥ x¢1
mass distribution [7]. Once again the BaBar Collaboration did not
confirm these observations [8].
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Following these observations, from March to October of 2013
four more charmonium charged states were reported. The first one
was the Z7(3900), observed almost at the same time by BESIII [9]
and Belle [10] Collaborations, in the M (7 * J/v) mass spectrum of
the Y (4260) — J/y¥m T~ decay channel. This structure was also
confirmed by the authors of Ref. [11] using CLEO-c data.

Soon after the Z7(3900) observation, the BESIII related the ob-
servation of other three charges states: Z7(4025) [12], Zt(4020)
[13] and Z}(3885) [14]. Up to now it is not clear if the states
Z}(3900)-7;(3885) and the states ZZF(4025)-Z7F(4020) are the
same states seen in different decay channels, or if they are inde-
pendent states.

Finally, in August 2014 the Z} (4200) was reported by Belle Col-
laboration in the J/wm™ channel of the B® decay, with a 6.20
significance. As in the case of the Z1(4430), the preferred assign-
ment of the quantum numbers is J® = 17 [6]. We show these
states in Table 1. For more details we refer the reader to the more
comprehensive review articles [15-19].

In view of so many non-confirmed (NC) states in Table 1, it
is really important to have an experimental way to prove that an
observed excess of events is, indeed, a real resonance. In particu-
lar, bumps close to the threshold of a pair of particles should be
treated with caution [21]. Sometimes they are identified as new
particles, but they can also be a reflection of a resonance below
threshold. As an example, in the case of the ZF(3885), it was
shown in Ref. [21] that the signal reported in [14] could be also
described by a DD* resonance with a mass around 3875 MeV and
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Table 1

The new charged states in the cc regions, ordered by mass. Masses m and widths I" represent the weighted averages from the listed sources as in [19], or are taken from
[20] when available. The citation given in red is for the first observation and the citation given in blue is for a non-confirmation. The Status column NC (needs confirmation)
indicates that the state has been observed by only one, or was not confirmed by other, experiment. The Status is OK if at least two independent experiments saw the state.

State m (MeV) I (MeV) JP© Process (mode) Experiment Year Status
Z7(3885) 3883.9+45 25+12 1+ Y (4260) — 7~ (DD**) BESIII [14] 2013 NC
ZZ(3900) 3896.7 +7.3 55435 1+ Y(4260) — =t J/¥) BESIII [9], Belle [10], CLEO-c [11] 2013 0K
Z7(4020) 4022.9+2.8 7.943.7 . etem > (mthe) BESIII [13] 2013 NC
Z7(4025) 4026.9+ 4.5 248495 1+, 2+ Y (4260) — 7~ (D*D*)* BESIII [12] 2013 NC
Z; (4050) 4051124 82131 B — K+ xe1(1P)) Belle [7], BaBar [8] 2008 NC
Z7(4200) 4196135 370193, 1+ B— K] /) Belle [6] 2014 NC
Z (4250) 4248718 1774321 B — K(* xc1(1P)) Belle [7], BaBar [8] 2008 NC
71 (4430) 445815 16613] 1+ B— K~ (¢ (2S)) Belle [1-3], BaBar [4], LHCb [5] 2007 0K
B— K~ (™t ]/¥) Belle [6]

width around 30 MeV. Also, in the case of the ZF(4025), it was
shown in Ref. [22] that both, a resonance with J” =17 or a bound
state with JP =27, are compatible with the data from Ref. [12].
Besides, it was also shown in Ref. [22] that the experimental data
can also be explained with just a pure wave-D background. In the
case of the Z1(4430), since its mass is close to the D*D; thresh-
old, it was suggested that it could be a J® =1% D*D; molecular
state [23] or a cusp in the D*D; channel [24].

The first attempt to demonstrate the resonant behavior of the
Z1(4430) state was done by LHCb in Ref. [5], where a fit was
performed in which the Breit-Wigner amplitude was replaced by
a combination of independent complex amplitudes at six equally
spaced points in mys)r range covering the Z+(4430) peak re-
gion. The resulting Argand diagram is consistent with a rapid phase
transition at the peak of the amplitude, just as expected for a
resonance. In Ref. [6] a similar method was applied to show the
resonant behavior of the Z%(4200). The Breit-Wigner amplitude
was replaced by a combination of constant amplitudes, with six
bins in mj,y; range covering the Z*(4200) peak and two inde-
pendent sets of constant amplitudes, to represent the two helicity
amplitudes of the Z}(4200), Hy and H;. The results in the Argand
diagram for Hq clearly show a resonance-like change of the ampli-
tude’s absolute value and phase. However, they argue that because
of the Argand diagram for the Hy amplitudes has much larger rel-
ative errors, it was not possible to draw any conclusions from it. In
any case, the Argand-plot approach, proposed by LHCb experiment,
needs a high statistics sample to be able to give, in an undoubted
way, the confirmation of the phase variation expected for a regular
resonant state.

In this paper we propose a different method to demonstrate the
resonant behavior of a state. It is a simple experimental method
isobar-based Amplitude Difference (AD), that can be used to ex-
tract the phase motion of a complex amplitude in three-body
heavy-meson decays [25]. With this method, the phase variation
of a generic complex amplitude can be directly revealed through
interference in the Dalitz-plot region where it crosses a well es-
tablished resonant state, used as a probe. This method was suc-
cessfully applied to Fermilab E791 data [26] to extract the well-
known phase motion of the scalar amplitude f((980) observed
in Df - 7=t decay. It was also successfully used to ex-
tract the phase motion, of a resonant scalar amplitude o (500) in
Dt - w~mwtwt decay [27], to confirm previous evidences of the
existence of a light and broad scalar resonance presented by Fer-
milab experiment E791 [28].

In full Dalitz-plot analyses, each possible resonance amplitude
is represented by a Breit-Wigner function multiplied by angular
distributions associated with the spin of the resonance. The vari-
ous contributions are combined in a coherent sum, with complex
coefficients, that are extracted from fits to the data. The absolute

value of the coefficients is related to the relative fraction of each
contribution and the phases take into account the final state inter-
action (FSI) between the resonance and the third particle.

Amplitude Difference method has a different approach. It con-
centrates in a particular region of the Dalitz plot, where the
amplitude under study crosses a well-known resonance ampli-
tude, called probe amplitude, represented by a Breit-Wigner. The
phase variation of the complex amplitude can be directly revealed
through the interference, in the Dalitz-plot region, where they
cross each other.

There are two necessary conditions to extract the phase motion
of a generic amplitude with the AD method:

e A crossing region between the amplitude under study and a
probe resonance has to be dominated by these two contribu-
tions.

e The integrated amplitude of the probe resonance must be
symmetric with respect to an effective mass squared (mgff)
that is the nominal mass of the resonance probe.

These two conditions are very well satisfied in many charmo-
nium three-body B decays, where the phase space is large and the
charmonium candidates are located in the central region of the
Dalitz plot, possibly crossing with well established resonances. The
probe resonances are, in general, placed at low K, KK or mm
invariant mass. As a consequence, the charmonium amplitude can-
didates must cross basically all phase space, or at least the low Km
region, to be observed by the AD method. Therefore, if the ampli-
tude under study is located only in a region of the Dalitz plot and
does not cross the probe resonance, this method may not apply.
One example could be a molecular state, as discussed in Ref. [29].
This will exclude the direct observation of the phase variation of
molecular states with the AD method.

With the two above conditions, we can examine the B? —
Y~ Kt decay (where v represents J/y or (2S)), and write
down an amplitude with two components: one representing the
probe resonance, K*, placed in the Dalitz variable si; that is the
square invariant mass of the pair 7~ and K, through a Breit-
Wigner and the angular distribution, and the other, representing
the resonance under study, which we call generically by Z decay-
ing in J/¥m or ¥(2S)m, placed in the Dalitz variable si3, that is
the square invariant mass of the pair 7~ and J/+v. This simple
amplitude must be used only in the small part of the phase space
where the interference between them occurs. Since the last one
can have different dynamical origins, it can be written in a most
generic way as:

A% (s13) = sin8(s13)e 1) . (1)
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This unitary equation is able to represent amplitudes with slow
phase variation, as well as resonances with a large phase variation,
of the order of 180°, around the nominal mass of the resonance,
in the same way as the Argand plot used by LHCb [5]. The total
amplitude for the B® — ¥~ KT decay, in the small part of the
phase space where the interference between the resonances K* —
K+t~ and Z~ — vy~ occurs, can be written as [3]:

|AG12, 1) = Y 1AGs12,513, O,
¢=1,-1
with A(si.s13.0) = Y Al + Y AL, )
A=—-1,0,1 M=-1,0,1

where ¢, A and A" are the helicities of the lepton pair, the K* and
Z respectively. We take the amplitudes of the decays B — ¢ (—
ITI7)K*(— K*m~) and B® — K+ Z~(— ¥ (— ITI7)mw ™) from [3]:
AK; = HE AKX (s1)d] o (Ok)e™d}, (0y) .

AL, = HE A% (s13)dy, (02)e™ Pd], (B )€ . 3)
In Egs. (3) Hf is the helicity amplitude for the decay via the res-

onance R, d#m(ﬂ) are Wigner d functions, g is the resonance
helicity angle (the angle between 7~ and K™ or y momenta in
the resonance rest frame), 6y, (9~,/,) is the ¢ helicity angle (the an-
gle between m~ and I~ momenta in the ¢ rest frame), p(@) is
the angle between the planes defined by the (I*7x~) and (K7 ™)
momenta in the  rest frame and « is the angle between the
planes defined by the (I*7~) and (I*K*) momenta in the i rest
frame. The amplitudes HlZ and H? ; are related by parity conser-

vation H# = HZ, . Finally, A%(s13) is given in Eq. (1) and AK" (s12)
is described by a Breit-Wigner:

* mol”
AKX (s13) = 00

(4)

S12 — m(z) +imglg

where mg and I'g are the mass and the width of the K*(892) re-
spectively.
Let us define

af e = gXdl (O e dL (0y)
+ HE dfo(Ok)dg, (By) + HY dig(0k-)e'd], (6y).
afel®?) = HE (d)_, 02)e 7dL 1, (By) +df; (0)ed], By) )
+ Hgdgo (02)dg, (0y) - (5)
Using Egs. (3) and (5), we can write

Aizos13.00= Y A+ Y Al

r=—1,0,1 N=—1,0,1
= AK” (512)(1?*6""‘5“(*) + AZ(513)ei§“afei"‘5 @ ()

Therefore,

|AGs12.513. )2 = (af )2AK (s12)1> + (@f)? sin 8 (s13)
Zaf*af sin8(s13)molo
(s12 —md)2 +mir3
x [(s12 — m}) cos(8(s13) + ;)
— moTosin(3(s13) + B¢)]. (7

where we have used Egs. (1) and (4) and we have defined B, =
ar(K*) —a(Z) - ¢a.

The expression in Eq. (7) is very similar to the one obtained
in [27], for two scalar resonances. For small T'g, |AX"(s12)|? can
be considered as a symmetric function, therefore |AX" (s1 = mg +
)2 —|AK" (s12 =m2 —€)|? = 0, where € is small. Also, in the small
part of the phase space where the interference between the K*
and the Z occurs, we can suppose that all the angles are almost
constant. Consequently the difference of the amplitudes squared
takes the simple form:

| A(m3 +€,513,0) 1> — | A(m3 — €,513,0) |

4a§*afmoroe sind(s13)

= cos(8(s13) + B¢) - (8)
€2 +mira

We can rewrite Eq. (8) as:
Al A P =|Am§+€.513.0) P — | A(md — €,513.0) |7
=C (sin(28(s13) + Bg) — sin By ), 9)

where C; = 2a¥"aZemoT'o/(e? + m3rd).
Using Eqgs. (2) and (9) we can write the difference of the ampli-
tudes squared:

ATAP =] AmE+€,513) 1> — | A(m3 — €, 513) |2

= > AlAP

(=—1,1

= > C(sin@8(s13) + Br) —sinfy) (10)

t=—1,1

where | A(m3 — €,s13) |2 and | A(m3 + €,513) | are taken from
data. The above equation can, finally, be rewritten as:

A A>=sin28(s13)) Y Cccos By
r=—1,1

+(cos28(s13)) —1) Y Crsinpy . (11)

t=—1,1

A| A2 in Eq. (11), directly reflects the behavior of 5(s13). A con-
stant A | A |?> would imply a constant 8(sy3), and this would be
the case of non-resonant contribution. In the same way, a slow
phase motion will produce a slowly varying A | A |? and a full res-
onance phase motion produces a clear signature in A | A |?> with
the presence of zero, maximum and minimum values.

To clarify these possible behaviors of A | A|?> and show the
statistic feasibility of the AD method, we perform a simple Monte
Carlo study. To do that we generated two Monte Carlo samples
of B — ¢ (2S)7~K* decay channel, each one with a sample of
20,000 events with relative fractions 0.86 and 0.08 respectively for
the K*/v(2S) and Z~(4430)/K contributions, similarly to the ob-
served by the LHCb experiment with 3 fb~! accumulated data [5].
In the first sample the Z~(4430) enters as a regular resonance
with a strong phase variation, represented by a Breit-Wigner,
while in the second, Z~(4430) is represented by a real bump am-
plitude with no strong phase associated. To simplify this study we
use only one helicity of the lepton pair in Eq. (10) and assume
that in the little phase space crossing region both amplitudes do
not have a significant variation due to the angular distribution. In
both cases we assume zero phase difference between these am-
plitudes. Finally we do not include background components in our
simulation.

Fig. 1(a) shows the A | A |? distribution for the sample with
a Breit-Wigner representing the Z~(4430) particle. One can see
a clear oscillation behavior around the zero value of this func-
tion, with positive and negative regions, placed around the nom-
inal mass value of this charmonium state. As it was discussed
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Fig. 1. A | A= (| A3 +€,513) |2 — | Am3 — €,513) 1), as a function of s3 = m?(y(2S)xr), for a sample of 20,000 signal events, using K* as a probe with mg =
0.89594 GeV?/c* and € = 0.06 GeV?/c*. Two cases are illustrated: (a) considering both resonances represented as Breit-Wigner, and (b) representing the K* resonance as a

Breit-Wigner and a real bump around s;3 = 20 GeV? /c* as a non-resonant component.

in Ref. [25], this particular distribution is determined by the
phase difference between the two amplitudes. Here we assume
zero, but any other possible value to this phase difference pro-
duces the same signature: positive, negative and zero regions
along the crossing region. The A | A |? distribution for the sec-
ond Monte Carlo sample, with no phase variation associated with
the Z~(4430) around the K* mass region, is shown in Fig. 1(b).
The behavior is clearly different from Fig. 1(a), with almost con-
stant value for A | A |? distribution. The mean value of A | A |?
is shifted from zero due to the constant behavior of §(s13) phase,
along the sy3 variable in the phase space region considered.

In conclusion, we have discussed the new findings of several
experiments operating during the last decade, with many indi-
cations of new charmonium states. We have identified the need
to have a direct confirmation of these states through the study
of the phase variation associated with a real resonant state. The
first attempt to demonstrate such resonant behavior was done
by the LHCb Collaboration [5], for the charged charmonium state
7~ (4430) observed in the B® — ¢ (2S)mr~K* decay. In this pa-
per we present an alternative method, called isobar-based Ampli-
tude Difference (AD), already used in charm three-body decays
[25-27], that can be used in cases where the amplitude under
study crosses, in the Dalitz plot, a well established resonance. We
have tested the method for the Z~(4430) state by generating two
Monte Carlo samples of B® — ¢ (2S)r~K*t decay channel. The
first where the Z~(4430) is considered as a regular resonance with
a strong phase variation, represented by a Breit-Wigner, and the
second where the Z7(4430) is represented by a real bump ampli-
tude with no strong phase associated and, therefore, is not a real
particle. Each one of these Monte Carlo simulations were generated
with samples similar to the observed by the LHCb experiment [5].
We have shown that, in the first case, the AD method gives a clear
oscillation behavior related to the phase variation associated with
a real resonant state. For the second case no oscillation behavior
was observed.

Acknowledgements

This work has been partially supported by FAPESP, CNPq and
CAPES.

References

[1] SK. Choi, et al., Belle Collaboration, Phys. Rev. Lett. 100 (2008) 142001, arXiv:
0708.1790.

[2] R. Mizuk, et al., Belle Collaboration, Phys. Rev. D 80 (2009) 031104, arXiv:
0905.2869.

[3] K. Chilikin, et al., Belle Collaboration, Phys. Rev. D 88 (2013) 074026, arXiv:

1306.4894.

[4] B. Aubert, et al., BaBar Collaboration, Phys. Rev. D 79 (2009) 112001, arXiv:
0811.0564.

[5] R. Aaij, et al, LHCb Collaboration, Phys. Rev. Lett. 112 (2014) 222002, arXiv:
1404.1903.

[6] K. Chilikin, et al., Belle Collaboration, arXiv:1408.6457.
[7] R. Mizuk, et al., Belle Collaboration, Phys. Rev. D 78 (2008) 072004, arXiv:
0806.4098.
[8] J.P. Lees, et al., BaBar Collaboration, Phys. Rev. D 85 (2012) 052003.
[9] M. Ablikim, et al., BESIII Collaboration, Phys. Rev. Lett. 110 (2013) 252001,
arXiv:1303.5949.
[10] Z.Q. Liu, et al., Belle Collaboration, Phys. Rev. Lett. 110 (2013) 252002, arXiv:
1304.0121.
[11] T. Xiao, S. Dobbs, A. Tomaradze, K.K. Seth, Phys. Lett. B 727 (2013) 366, arXiv:
1304.3036.
[12] M. Ablikim, et al., BESIIl Collaboration, Phys. Rev. Lett. 112 (2014) 132001,
arXiv:1308.2760.
[13] M. Ablikim, et al., BESIII Collaboration, Phys. Rev. Lett. 111 (2013) 242001,
arXiv:1309.1896.
[14] M. Ablikim, et al., BESIII Collaboration, Phys. Rev. Lett. 112 (2014) 022001,
arXiv:1310.1163.
[15] M. Nielsen, ES. Navarra, S.H. Lee, Phys. Rep. 497 (2010) 41, arXiv:0911.1958.
[16] N. Brambilla, et al., Eur. Phys. J. C 71 (2011) 1534, arXiv:1010.5827.
[17] M. Nielsen, ES. Navarra, Mod. Phys. Lett. A 29 (2014) 1430005, arXiv:
1401.2913.
[18] X. Liu, Chin. Sci. Bull. 59 (2014) 3815, arXiv:1312.7408.
[19] N. Brambilla, S. Eidelman, P. Foka, S. Gardner, A.S. Kronfeld, M.G. Alford, R.
Alkofer, M. Butenschoen, et al., Eur. Phys. ]. C 74 (2014) 2981, arXiv:1404.3723.
[20] K.A. Olive, et al., Particle Data Group, Chin. Phys. C 38 (2014) 090001.
[21] F. Aceti, M. Bayar, E. Oset, A.M. Torres, K.P. Khemchandani, ES. Navarra, M.
Nielsen, Phys. Rev. D 90 (2014) 016003, arXiv:1401.8216.
[22] A. Martinez Torres, K.P. Khemchandani, ES. Navarra, M. Nielsen, E. Oset, Phys.
Rev. D 89 (2014) 014025, arXiv:1310.1119.
[23] J. He, arXiv:1410.8645.
[24] D.V. Bugg, J. Phys. G 35 (2008) 075005, arXiv:0709.1254.
[25] 1. Bediaga, J. Miranda, Phys. Lett. B 550 (2002) 135, arXiv:hep-ph/0211078.
[26] 1. Bediaga, for E791 Collaboration, in: Proceedings of Scalar Meson Workshop,
SUNYIT, Utica, NY, May 2003, arXiv:hep-ex/0307008.
[27] 1. Bediaga, J. Miranda, Phys. Lett. B 633 (2006) 167.
[28] E.M. Aitala, et al., E791 Collaboration, Phys. Rev. Lett. 86 (2001) 770.
[29] I. Bediaga, ES. Navarra, M. Nielsen, Phys. Rev. D 86 (2012) 016005, arXiv:
1205.6710.


http://refhub.elsevier.com/S0370-2693(15)00510-9/bib43686F693A32303037776761s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib43686F693A32303037776761s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4D697A756B3A323030396461s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4D697A756B3A323030396461s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib62656C6C657A32s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib62656C6C657A32s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib62616261727As1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib62616261727As1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4161696A3A323031346A7161s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4161696A3A323031346A7161s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4368696C696B696E3A32303134626B6Bs1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4D697A756B3A323030386D65s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4D697A756B3A323030386D65s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4C6565733A32303131696Bs1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib41626C696B696D3A323031336D696Fs1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib41626C696B696D3A323031336D696Fs1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4C69753A32303133646175s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4C69753A32303133646175s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib5869616F3A32303133696861s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib5869616F3A32303133696861s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib41626C696B696D3A32303133656D6Ds1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib41626C696B696D3A32303133656D6Ds1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib41626C696B696D3A32303133777A71s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib41626C696B696D3A32303133777A71s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib41626C696B696D3A32303133786672s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib41626C696B696D3A32303133786672s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4E69656C73656E3A323030397568s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4272616D62696C6C613A323031306373s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4E69656C73656E3A323031346D7661s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4E69656C73656E3A323031346D7661s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4C69753A32303133776161s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4272616D62696C6C613A323031346A6D70s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib4272616D62696C6C613A323031346A6D70s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib706467s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib41636574693A32303134756561s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib41636574693A32303134756561s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib546F727265733A323031336C6B61s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib546F727265733A323031336C6B61s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib48653A323031346E7861s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib62756767s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib6164s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib5554s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib5554s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib505332303036s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib70726Cs1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib426564696167613A323031327570s1
http://refhub.elsevier.com/S0370-2693(15)00510-9/bib426564696167613A323031327570s1

	Phase motion in the Z-(4430) amplitude in B0->ψ´π-K+ decay
	Acknowledgements
	References


